Abstract: This study explored the impact of supplementation of L-carnitine on the performance of broiler chicken, biochemical parameters and expression of cationic amino acid transporter (CAT2), myogenic determining factor (MYOD) and myogenic factor 5 (MYF5) genes. This study included two groups; the first one is the control group and the second one received L-carnitine at a dose 50 mg/kg/day in drinking water. After 35 day, the sera and muscle tissue were obtained for biochemical and real time polymerase chain reaction (qPCR) analysis. The obtained results revealed a significant increase in the body weight, total body weight gain and a significant decrease in food consumption, food conversion rate in L-carnitine-supplemented group as compared to the control group. Moreover, there was no significant changes in serum cholesterol, triacylglycerol, AST, ALT, total protein and uric acid levels which showed a slight decrease in Lcarnitine-supplemented group in comparison with the control group. This study also revealed a significant up regulation for the expression of CAT2, MYOD and MYF5 genes in muscles of broiler chicken-supplemented with L-carnitine as compared to the control one. The present study concluded that supplementation of L-carnitine to broiler chicken was useful to increase the total body weight gain and muscle mass and this beneficial effect was associated with up regulation of CAT2, MYOD, and MYF5 genes.
Introduction
Poultry industry has assumed an imperative role in meeting the deficiency of animal protein in world. The poultry production, particularly broiler production, is the quickest way to increase the accessibility of high quality protein for human utilization (1, 2) .The poultry production differs from animal production in a different ways. Broiler chicken production requires between fifty to sixty days, while the formation of red meats requires 9 to12 months. Additionally, chicken require around 3 kg of food (ration) to create 1 kg of meat, while animals should consume 7 kg of food to produce 1 kg of red meat (3) .
The problem in the poultry production is containing excess body fat. There are many factors, for example diets and hereditary factors that increase the tendency to aggregate excess body fat. In this manner, improvement of poultry composition by other additives is consider a primary focal point of nutritional research (4) .
Poultry food is fundamentally composed of soybean, maize and plant products which all have less carnitine content (5) . The latter can be biosynthesized endogenously from methionine and lysine amino acids in the presence of folic acid and vitamin B3, B6, B12, and C, in addition to iron (6, 7) . When diets are not provided with these two amino acids, the bird unable to form a sufficient amounts of carnitine (5) .
Dietary L-carnitine addition induces the β-oxidation of unsaturated fats to produce adenosine triphosphate (ATP) energy and enhance energy utilization (8) (9) (10) . L-carnitine has two main functions. The first is to encourage the transfer of long-chain fatty acids across the inner mitochondrial membrane, and the second is to encourage the expulsion of short and medium-chain fatty acids from the mitochondria that aggregate as a result of typical and unusual metabolism (11, 12) . It also has an impact on fat metabolism and reduction of protein formation to form energy in chick's body ,subsequently a greater amount of energy will be oxidized and won't be decomposed in abdominal tissues (13) .
Myogenic determining factor (MYOD) and myogenic factor 5 (MYF5) are a group of proteins belong to myogenic regulatory factors (MRFs). These basic helix-loop-helix (bHLH) transcription factors act consecutively in myogenic differentiation. MYOD is a key transcriptional factor for muscle differentiation and growth. MYF5 is the first myogenic regulatory protein expressed in the skeletal muscle lineage. In mammals, both MYOD and MYF5 are required for the formation of skeletal muscle (14) . In chickens, MYOD and MYF5 are associated with post-hatch chicken myogenesis (15) . CATs are primary amino acid transport system used by tissues to concentrate lysine, arginine and ornithine into cellular amino acid pools to be used in nitrogen metabolism (16) .
This study was conducted to explore the potential effect of L-carnitine on the performance of broiler chicken, biochemical parameters and CAT2, MYOD, MYF5 genes expression.
Materials and methods
This study was conducted in the chicken experimental house at Faculty of Veterinary Medicine, Kafrelsheikh University, Egypt. A total number of 120 mixed sex Ross 308 broiler chicks at 1 day old age were obtained from a private poultry company at El-Gharbia Governorate, Egypt. All the chicks were immunized against both New Castle's disease on 7 th and 18 th days and Gumboro disease on 14 th day. The experimental birds were offered feed and water ad libitum for 5 weeks.
Bird feeding
A starter diet was available for the first 21 days then changed to a grower diet till the end of the experiment (35 days). Diets were formulated to meet the supplement recommendations for broilers by the National Research Council (17) with some modification according to updated nutrients specification of broiler chickens (Tables 1&2) .
Experimental design and treatment
One hundred and twenty chicks were allocated into two groups (60 chicks per group). Each group was subdivided into 6 replicates (10 chicks/replicate).The first group: received drinking water only and basal diet (without any additive) and was considered as the control group; and the second group received Lcarnitine (sigma Aldrich company in drinking water at dose of 50 mg/kg/day (18).
Blood and tissue samples
At the end of experiment, chickens were subjected to 12 hours feed withdrawal and then blood samples were collected from the wing veins in clean and dry Eppendorf tubes. After coagulation and centrifugation at 3000 rpm for 15 minutes clear serum samples were collected. Sera immediately kept frozen at -20 ο C until biochemical analysis. Birds were slaughtered after mild anesthesia and dissec-666 T. Kamal, D. Dorghamm, K. Kahilo, A. Elkattawy, E. Nassef, H. El-sawy tion of skin under complete aseptic condition. Then muscle specimen was excised from breast muscle and quickly dunked in liquid nitrogen, then frozen at -80ºC for RNA extraction.
Performance parameters
Body weight was recorded at the end of every week. Body weight gain was calculated weekly following this equation: body weight gain = final weight-start weight. Feed intake was recorded daily according to the following equation: Feed intake=feed allowed -feed refusal. Feed conversion ratio (FCR) was calculated according to the following equation: FCR = feed intake/body weight gain.
Biochemical analysis
Colorimetric estimation of glucose, cholesterol, triacyl glycerol, and uric acid was done as previously described (19) . Serum total protein was evaluated by colorimetric procedure based on (20). Serum enzyme activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were spectrophotometrically measured as previously described (21).
Quantitative determination of CAT2, MY-OD and MYF5 using real-time polymerase chain reaction (qPCR)
Breast muscle tissue was used to isolate total RNA using TRIZOL (GeneZOl, Lot≠:30117B07003, Genetix Biotech) following the manufacturer's protocol. The concentration of RNA was measured using a Nanodrop. cDNA was synthetized using HiSenScript TM cDNA synthesis kit (Intron Biotechnology, cat.no.25014,). This was done by mixing 10 µl 2X RT reaction buffer, 1µl enzyme mix solution, 1µg of RNA and completed with RNas free water to 20 µl total volume. The mixture was incubated at 50 o C for 30 min and 85 o C for 10 min. All PCR reactions were done by utilizing SYBR Green qPCR Master Mix (Enzynomics, cat. No. RT500) and specific primers (Table 3) , at the following conditions: initial denaturation at 92 °C for 10 min, followed by 40 cycles of 15 s at 92 °C, 30 s at 60 °C and 30 s at 72 °C. The differences in gene expression among the different groups were estimated by using the 2 -△△ Ct method (22) , standardized to GAPDH and expressed as relative mRNA levels relative to the control. Melting curve analysis was performed to verify the correct product.
Statistical analysis
All data were presented as mean ± standard error (SE). Statistical analysis was conveyed utilizing the T-independent test (Levene′s test for equality of variances) to compare the significance among the groups. A value of P < 0. 05 were considered to be significant.
Results

Effect of L-carnitine on performance parameters
Supplementation of L-carnitine group showed a significant increase in the final body weight as compared with control group .There were a significant increase in the body weight gain in the group received L-carnitine compared with control group. Feed intake in the control group was higher than the group treated with L-carnitine. However, feed conversion ratio was significantly lower in L-carnitine supplementation than group without supplementation (Table 4) .
Effect of L-carnitine supplementation on biochemical parameters
As shown in (Table 5 ) the level of blood glucose, serum cholesterol, total proteins insignificantly change in chicken treated with Lcarnitine relative to the control chicken. However, the levels of the remaining serum parameters (triacylglycerol, uric acid, ALT, and AST) showed an insignificant decrease as compared to the control group.
Effect of L-carnitine on CAT2, MYOD and MYF5 expression
As shown in figure 1 , the L-carnitine supplementation significantly upregulated (P<0.05) the expression of CAT2, MYOD and MYF5 in comparison with the control group. * ME, lysine, methionine, calcium and phosphorus were calculated according to (17).** NFE= Nitrogen free extract was calculated by difference =100-(moisture% + CP% + EE % + CF% + ash %).*** Calorie/protein ratio = ME Kcal /CP 
Discussion
L-carnitine supplementation has a positive effect on growth rate as revealed by higher growth rate, body weight gain and lower feed consumption or feed conversion rate. These result agree with different studies which reported that, addition of L-carnitine enhance growth rates and feed potency (23) . The breast or thigh meat yield were increased, and abdominal fat content was decreased by supplementation of L-carnitine (10, 23) . Likewise, Lcarnitine incorporation to broiler feed enhanced body gain, improved FCR , yielded a lot of breast meat, and lowered abdominal fat depositions (13) . Increased growth by addition of carnitine is also partly related to its aminoacid-sparing function in addition to its role in fat metabolism. Theoretically, the external addition of carnitine can lower the necessity for bio synthesis of carnitine from essential amino acid so stinting essential amino acid for different biological functions (24) . L-carnitine can be used as a potential protecting agent against stress induced by high environmental temperatures in boilers (25) .
In the contrary, some studies documented no change in growth rates or feed potency in L-carnitine-supplementation to broiler chickens (10, 26) . Likewise, Leibetseder (27) reported that performance (BWG and FCR) and the content of abdominal fat of broilers weren't affected by dietary carnitine at a concentration of 200 mg/kg diet. These contradictory results may be attributed to variation in species, age, supplementary L-carnitine doses, dietary fat and protein intake. This clarification confirmed by Xu (10) who reported that L-carnitine at a dose of 25 mg/kg has no effects in daily body weight gain or feed conversion of birds. Whereas addition of L-carnitine at a dose higher than 25 mg/kg considerably exaggerated breast muscle yield and crude fat content of the muscles and lowered abdominal fat content.
The obtained results showed that supplementation of L-carnitine have no vital modification in blood glucose level. This is consistent with other publications which documented that orally administration of Lcarnitine supplementation for 4 weeks did not effect of insulin sensitivity (28) or secretion (29) .
This study revealed no significant change of cholesterol by L-carnitine supplementation and non-significant decrease Triacylglycerol, this result not consistent with Maccari (30) who documented that the significant lowered plasma triacylglycerol, cholesterol, phospholipids, nonesterified fatty acid and very low density lipoprotein concentrations (VLDL) by supplementation of L-carnitine to rats. Likewise, Amin (31) reported that adding of external L-carnitine made significant lower of serum TG, T-cholesterol. Additionally, Lcarnitine makes vital reductions in total serum cholesterol in skeletal muscles of weighty rats (32) . These contradictory results may due to variation in species, age, supplementary Lcarnitine doses, dietary fat and protein intake.
Carnitine metabolism occurs mainly in the liver; therefore it is not surprising that carnitine metabolism is failed in patients and experimental animals with certain types of chronic liver disease. L-carnitine will have a therapeutic effect on certain type of liver diseases (33). Our study revealed insignificant decrease of AST, ALT , total protein. Amin (31) reported that administration of Lcarnitine make a significant lowering influence in AST and ALT activity in obese rats. Malaguarnera (34) also reported that oral Lcarnitine supplementation improve liver functions and histological findings in patients with nonalcoholic steatohepatitis. The present study revealed insignificant change in uric acid, this finding agrees with Rajasekar (35) who reported L-carnitine has beneficial effects on renal function.
The present study revealed upregulated expression of MYOD, MYF5 by L-carnitine, and this agrees with Bailey (36) who reported that MYOD, MYF5 and variety of MRFs initiate and maintain the expression of muscle-specific genes throughout embryogenesis and postnatal muscle growth. In rats, the loss of MRFs cause reduction in body size (37) . This finding confirms that the expression of MYOD, MYF is important for increase body weight. CATs are the basic amino acid transport system utilized by tissues to concentrate lysine, arginine and ornithine into cellular amino acid pools for use in nitrogen metabolism (16) , is harmonious with our finding that revealed upregulation of CAT2 expression and this associated with increased body weight and growth.
Conclusion
The present study concluded that the supplementation of L-carnitine has appositive influence on growth performance through upregulation of CAT2, MYOD and MYF5 genes.
